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epoxy composites was systematically investigated to address the performance bottlenecks of epoxy resin-based

electronic packaging materials in terms of high thermal conductivity, low dielectric loss, and moisture and thermal
stability. The successful grafting of silane coupling agents onto the silica particle surface was verified by surface
energy spectroscopy analysis, and epoxy resin-based packaging films with high filler content (50%, mass fraction)
were prepared to compare the overall performance of the composites before and after modification. The incorporation
of 7y -glycidyloxypropyltrimethoxysilane (KH-560) enhanced the interfacial bonding strength of resin through the
participation of epoxy groups in the cross-linking reaction. The resultant composites exhibited an optimal glass
transition temperature of 170.38 °C, a thermal conductivity of 0.15 W/mK, and a tensile strength of 102.79 MPa. The
resin prepared by using N-phenyl-3-aminopropyltrimethoxysilane (KBM-573) -modified silica particles exhibited a
water contact angle of 114.9° and slightly lower mechanical properties due to the hydrophobicity of the benzene ring
and conjugation effect. The y-aminopropyltrimethoxysilane (KH-540)-modified system demonstrated limited improve-
ment in dielectric properties and hydrophobicity due to the amine polarity. The present study elucidated the
synergistic effect of modified silica particles on the mechanical, thermal, and electrical properties. This finding
provides a theoretical basis for the targeted optimization of electronic packaging materials.

Keywords Silane coupling agent; Silica particle modification; Electronic packaging; Epoxy resin; Dielectric loss
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Fig.1 SEM images(A,—D,) and EDS mapping images(A,—D,, A;,—D,, A,—D,) of SiO, particles modified
by different silicone coupling agents(SCA)
(A,—A,) Si0,; (B,—B,) Si0,@KH560; (C,—C,) Si0,@KH540; (D,—D,) Si0,@KBM573. (A,—D,) C; (A,—D,)
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Fig.2 Mass fraction of surface elements of SiO, Fig.3 DMA curve of epoxy resin-based encapsula-
particles modified by different SCA tion films(heat up at 3 °C/min, in air)

HL 5B AR 119 5 AR R B B B R i AR T A5 (A EBCAEE B, 1R AR B B TR GBI, 2=k
PELFR B Rl AL, [ 5 25 5 B KH-560 B0 (1) Si0, ok B8 2 5 AL I, B ik A 25 4
REARREARE, JIr LK o A S0 i 2B B 1) S A R B0 s . T AR M SO, B0k P A TR RBEL I, Xof i B4
W B e ) S AR EUA 0. 0671 W/mK.

Chem. J. Chinese Universities, 2025, 46(10), 20250145 20250145(141/144)



d P4 s Hkhaws g

Eu CHEMICAL JOURNAL OF CHINESE UNIVERSITIES ﬁ}l:g‘ﬂii/t\,i
600 ,
p— SIOz —~
500F — SiO@KH560 TM 0.20
g — Si0;@KH540 -
S 400 — SiO.@KBM573 = oLs 0.1522
g < Vbr !
S 300 & 0.1173
'g 5 r— — 0.1072
£ 200 5 0101
5} (=}
= 8 0.0671
a 100 =~ =
£ 0.05F
0 2
1 1 I 1 =
50 100 150 200 250 - —— S .
Temperature/°C SiO, SiO@KH560 SiO,@KH540 SiO,@KBM573
Fig. 4 CTE curves of epoxy resin-based encapsula- Fig. 5 Thermal conductivity of epoxy resin-based
tion films encapsulation films

Table 1 T, CTE data and mechanical properties of epoxy resin-based packaging films

CTE/K™

Film T/°C(by tensile TMA) r r Tensile strength/MPa  Tensile modulus/GPa  Elongation at break (%)
< >
g g
Si0, 122.54 55.55 192.32 76.24+9.22 4.69+0.32 2.30+0.36
Si0,@KH560 128.27 50.86 224.76 102.79+12.11 6.08+0.73 3.50+0.52
Si0,@KH540 126.97 53.50 200.17 95.51+2.65 5.60+0.14 3.33+0.25
Si0,@KBM573 124.48 5242 194.33 93.53+2.87 4.74+0.21 3.77+0.44
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Fig. 7 Dielectric properties of epoxy resin-based Fig. 8 Contact angle photographs and data of
packaging films epoxy resin-based packaging films
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